iiiiioiiiiiiiiiwi 

© Publication number: 0 475 525 A1 



© EUROPEAN PATENT APPLICATION 

© Application number: 91202283.7 © Int. CI. 5 : H01 L 27/146, H01 L 27/1 48 



© Date of filing: 06.09.91 



® 


Priority: 12.09.90 GB 9019897 


@ Inventor: Baker, Ian Martin, c/o Philips 


® 




Infrared 


Date of publication of application: 


Defence Components, P.O. Box 217, 




18.03.92 Bulletin 92/12 


Mlllbrook 


0 




Southampton, Hants S09 7QG(GB) 


Designated Contracting States: 


Inventor: Dunn, William Andrew Ernest, c/o 




DE FR GB IT 


Philips Infrared 


© 




Defence Components, P.O. Box 217, 


Applicant: PHILIPS ELECTRONIC AND 


Mlllbrook 




ASSOCIATED INDUSTRIES LIMITED 




Philips House 188 Tottenham Court Road 


Southampton, Hants S09 7QG(GB) 




London W1P 9LE(GB) 




© 


GB 


® Representative: Stevens, Brian Thomas et al 


© 


Applicant: N.V. Philips' Gloeilampenfabrieken 


PHILIPS ELECTRONICS Patents and Trade 




Groenewoudseweg 1 


Marks Department Philips House 188 


© 


NL-5621 BA Eindhoven(NL) 


Tottenham Court Road 


DE FR IT 


London W1P9LE(GB) 



© Plural-wavelength infrared detector devices. 




Europalsches Patentamt 
European Patent Office 
Office europeen des brevets 



in 

CM 

in 

in 
in 



Q. 
I&J 



© An infrared detector device for viewing an object 
or scene at plural wavelengths, e.g. in the 3 to 5 
micron and 8 to 14 micron wavebands, comprises 
detector elements (10 and 20) formed in two or more 
infrared-sensitive materials with different bandgaps, 
e.g. in cadmium mercury teliuride. These materials 
may be provided side-by-side in a single level on a 
substrate (3) or preferably as different levels (1 and 
2) on the substrate (3). Each detector element (10 
and 20) comprises a p-n junction (11 and 21) be- 
tween opposite conductivity type regions (12,13 and 
22,23). Electrical connections (15,25,24) extend from 
these regions to the substrate (3). A degree of 
versatility and freedom in the design and fabrication 
of the device is obtained by adopting a connection 
structure in accordance with the invention, in which 
one connection (25) of the longer-wavelength re- 
sponse element (20) contacts both the semiconduc- 
tor material (2) of that element (20) and the larger- 
bandgap material (1) of the shorter-wavelength re- 
sponse element (10), at a side-wall (42) of both 
materials. The larger-bandgap material (1) comprises 
a further region (18) which adjoins the side-wali (42) 
and which forms a further p-n junction (19) elec- 



trically in parallel with the p-n junction (21) of the 
longer-wavelength detector element (20). This further 
p-n junction (19) has a higher impedance than the 
element p-n junction (21) due to the difference in 
bandgap, and so the output signal in this connection 
(25) is dominated by the photo-current generated in 
the longer-wavelength detector element (20). 
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This invention relates to plural-wavelength in- 
frared detector devices including first and second 
detector elements comprising respective first and 
second infrared-sensitive semiconductor materials 
of different bandgaps. each detector element com- 
prising a p-n junction. More information about the 
wavelength characteristics of an object or a scene 
can be obtained by viewing it using such a plural- 
wavelength infrared detector device so that, for 
example, such a device can permit the temperature 
of a radiation source to be measured independent 
of the emissivity of the source and the transmission 
of the intervening space. The different bandgap 
materials may be provided as different levels on a 
substrate. 

Published European patent application EP-A-0 
087 842 (our reference PHB32858) discloses a 
plural-wavelength infrared detector device compris- 
ing upper and lower levels of infrared-sensitive 
semiconductor material provided on a substrate. 
The lower level is located between the upper level 
and the substrate and insulated from the upper 
level by an intermediate insulating layer. A detector 
element is formed in each level, and each detector 
element may comprise a p-n junction between op- 
posite conductivity-type regions of the semicon- 
ductor material. Electrical connections are present 
from the detector-element regions to the substrate. 
The semiconductor material of a first of the upper 
and lower levels has a smaller bandgap than the 
second of the levels so as to provide its detector 
element with a response to a longer infrared 
wavelength. The substrate may be, for example, an 
insulating support carrying conductor tracks, or the 
substrate may be, for example, a silicon integrated 
circuit for processing the output signals from the 
detector elements. The whole contents of EP-A-0 
087 842 are hereby incorporated herein as refer- 
ence material. 

An advantageous connection structure for the 
upper-level detector element(s) is disclosed in EP- 
A-0 087 842. In this structure, the upper level 
bridges a gap in the lower level between the lower- 
level detector element(s) and a separate part of the 
lower-level material; this separate part comprises or 
carries the connection to the upper level, for exam- 
ple as metallization on a side-wall of the separate 
part. Specific embodiments are described in which 
the lower-level material has the smaller bandgap so 
that its detector element has a cut-off wavelength 
of approximately 11 urn (micrometres); the connec- 
tions to the smaller-bandgap detector element(s) 
are formed entirely in the lower level and before 
providing the upper-level material. 

The present invention provides an advanta- 
geous connection structure for the smaller-bandgap 
detector element which gives a further degree of 
freedom in the design and fabrication of the plural- 



wavelength detector device. It may be adopted in 
devices either having different levels for the dif- 
ferent bandgap materials or having the different 
bandgap materials in a single level. 
5 According to the present invention, there is 

provided a plural-wavelength infrared detector de- 
vice including first and second detector elements 
comprising respective first and second infrared- 
sensitive semiconductor materials, and a substrate 
10 carrying the detector elements, the first semicon- 
ductor material having a smaller bandgap than the 
second semiconductor material so as to provide 
the or each first detector element with a response 
to a longer infrared wavelength, each detector eie- 
75 ment comprising a p-n junction between opposite 
conductivity-type regions of the semiconductor ma- 
terial, and electrical connections from the detector- 
element regions to the substrate, which device is 
characterised in that the electrical connection be- 
20 tween the substrate and one region of the longer- 
wavelength response detector element extends on 
a side wall of both the first and second semicon- 
ductor materials, and in that the larger-bandgap 
second material comprises a further region which 
25 adjoins the side-wall and which forms a further p-n 
junction electrically in parallel with the p-n junction 
of the first detector element, the further p-n junc- 
tion having a higher impedance than this p-n junc- 
tion of the first detector element in the smaller- 
30 bandgap first material. 

As a result primarily of the different bandgaps 
of the semiconductor materials provided for the 
different wavelength responses of the detector ele- 
ments in this plural-wavelength detector device, the 
35 p-n junction in the larger-bandgap further region 
has a significantly higher impedance. Due to this 
higher impedance, the output signal in this side- 
wall connection to both materials is dominated in 
operation of the device by the photo-current signal 
40 generated in the smaller-bandgap detector ele- 
ment, even though the two p-n junctions are elec- 
trically in parallel. This permits the provision of one 
or more of the connections of the smaller-bandgap 
detector element in a more convenient or simple 
45 manner during the fabrication of the device. 

Although this connection structure in accor- 
dance with the invention may be used in devices 
having the different bandgap materials in a single 
level on the substrate, it is particularly useful in 
so devices in which the different bandgap materials 
are provided as different levels on the substrate. 
Furthermore, such a connection structure is suffi- 
ciently versatile that it may also be used, if so 
desired, in combination with the EP-A-0 087 842 
55 connection structure for the upper-level detector 
element(s). 

Thus, as a particularly advantageous embodi- 
ment in accordance with the present invention, 



2 



3 



EP 0 475 525 A1 



4 



there is provided a plural-wavelength infrared de- 
tector device comprising upper and lower levels of 
infrared-sensitive semiconductor material provided 
on a substrate, the lower level being located be- 
tween the upper level and the substrate, and a 
detector element formed in each level, each detec- 
tor element comprising a p-n junction between 
opposite conductivity-type regions of the semicon- 
ductor material, and electrical connections from the 
detector-element regions to the substrate, the 
semiconductor material of a first of the upper and 
lower levels having a smaller bandgap than the 
second of the levels so as to provide its detector 
element with a response to a longer infrared 
wavelength, which device is characterised in that 
the electrical connection between the substrate and 
one region of the longer-wavelength response de- 
tector element extends on a side-wall of the semi- 
conductor materials of both the upper and lower 
levels, and in that the larger-bandgap material of 
the second level comprises a further region which 
adjoins the side-wall and which forms in the sec- 
ond level a further p-n junction electrically in par- 
allel with the detector-element p-n junction in the 
first level and having a higher impedance than the 
detector-element p-n junction in the smaller-band- 
gap material of the first level. 

When the smaller-bandgap material is present 
in the lower level, at least one of the electrical 
connections of the longer-wavelength response de- 
tector element in the lower level extends downward 
from the upper level on the side-wall of said further 
region which is present in the upper level, and so 
this lower-level connection can be made after pro- 
viding the upper-level material. Thus, for example, 
it may be made in the same processing steps as 
are used to provide one or more connections to the 
upper-level detector element(s). 

The electrical connection of said one region of 
the longer-wavelength response detector element 
may comprise metallization on a side-wall of an 
aperture passing locally through the thickness of 
the upper and lower levels and surrounded by the 
one region of the longer-wavelength detector ele- 
ment in the first level and by the further region in 
the second level. This aperture structure can pro- 
vide a very compact geometry for the connection 
and is particularly advantageous for connections in 
arrays of detector elements mounted on a signal- 
processing circuit substrate, as disclosed in pub- 
lished European patent application EP-A-0 061 803 
(our reference PHB 32767), the whole contents of 
which are hereby incorporate herein as reference 
material. 

The other region of the longer-wavelength re- 
sponse detector element may have an electrical 
connection which extends on another side-wall of 
the semiconductor materials of both the upper and 



lower levels. This other connection of the longer- 
wavelength response detector element may contact 
one of the regions of the shorter-wavelength re- 
sponse detector element so as to provide a com- 
5 mon connection for both detector elements. These 
features can simplify the provision of the other 
connection, and this is advantageous particularly 
but not exclusively in arrays of detector elements 
of the different wavelength responses. 
io These and other features in accordance with 
the present invention will now be illustrated, by way 
of example, in embodiments of the invention which 
are now described with reference to the accom- 
panying diagrammatic drawings. In these drawings: 
75 Figure 1 is a plan view of part of one embodi- 
ment of a two-wavelength 2-dimensional infrared 
detector array device in accordance with the 
present invention; 

Figure 2 is a cross-sectional view on the line ll-ll 

20 of Figure 1 , illustrating one specific example for 
the layer-structure of Figure 1 , and 
Figure 3 is a cross-sectional view similar to that 
of Figure 2 but incorporating various modifica- 
tions in accordance with the invention. 

25 It should be noted that the Figures are dia- 

grammatic and not drawn to scale. The relative 
dimensions and proportions of some parts of these 
drawings have been shown exaggerated or re- 
duced in size for the sake of clarity and conve- 

30 nience in the drawings. The same reference signs 
as used in one embodiment are generally used 
when referring to corresponding or similar parts in 
other embodiments. Dotted lines are used to de- 
note p-n junctions. In general, semiconductor re- 

35 gions of the same conductivity type are hatched in 
the same direction in the cross-sectional views. 

The device structure of Figures 1 and 2 illus- 
trates one specific example of one embodiment of 
a plural-wavelength infrared detector device in ac- 

40 cordance with the invention. In addition to benefit- 
ing from its construction in accordance with the 
present invention, this particular device also bene- 
fits from utilising the inventions disclosed in 
already-mentioned EP-A-0 061 803 (as can be 

45 seen especially from Figure 1) and EP-A-0 087 842 
(as can be seen especially from Figure 2). 

As can be seen from Figure 2, the device 
comprises upper and lower levels 1 and 2 of 
infrared-sensitive semiconductor material mounted 

so on a surface of a substrate 3. The lower level 2 
(located between the upper level 1 and the sub- 
strate 3) is insulated from the upper level 1 by an 
intermediate insulating layer 4. A different- 
wavelength detector element 10 and 20 is formed 

55 in each level 1 and 2 respectively. Each detector 
element 10 (and 20) is a photodiode comprising a 
p-n junction 11 (and 21 respectively) between re- 
gions 12 and 13 (and 22 and 23 respectively) of 
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opposite conductivity type in the semiconductor 
material. These photodiode elements 10 and 20 
may be constructed in the same manner as dis- 
closed in EP-A-061 803 with n type regions 1 2 and 
22 and p type regions 13 and 23. The semiconduc- 
tor materials of the levels 1 and 2 have different 
energy bandgaps so as to provide different 
wavelength responses. Thus, in the particular ex- 
ample of Figures 1 and 2, the lower-level material 2 
has a smaller bandgap than the upper-level ma- 
terial 1 so that the photodiodes 20 have a response 
to a longer wavelength than the photodiodes 10. 
Although Figures 1 and 2 show only two levels 1 
and 2 for the sake of simplicity in the illustration of 
the embodiment, it should be understood that three 
or more levels may be present. Thus, a plural- 
wavelength infrared detector device in accordance 
with the invention may comprise detector elements 
having two, three or more different wavelength re- 
sponse characteristics. 

Electrical connections 24,15 and 25 are 
present between the detector-element regions and 
the substrate 3. Thus, for example, as illustrated in 
Figure 2, the regions 12 and 13 of the upper-level 
photodiode 10 have connections 15 and 24 respec- 
tively, while the regions 22 and 23 of the lower- 
level photodiode 20 have connections 25 and 24 
respectively. The substrate 3 may be an insulating 
support carrying a circuit pattern of conductor 
tracks 35 having non-insulated areas contacted by 
the photodiode connections 24,15 and 25. How- 
ever, especially in the case of arrays of large 
numbers of detector elements 10 and 20, the sub- 
strate 3 preferably comprises a signal multiplexing 
and/or processing circuit and so may be formed as, 
for example, a silicon integrated circuit. This circuit 
may have contact areas 35 at windows in an upper- 
most insulating layer 34. 

In accordance with one aspect of the present 
invention, the electrical connection 25 between the 
substrate 3 and one region 22 of the longer- 
wavelength response photodiode 20 extends on a 
side-wall 42 of the semiconductor materials of both 
the upper and lower levels 1 and 2. The larger- 
bandgap material in level 1 comprises a further 
region 18 which adjoins the side-wall 42 and which 
forms in the level 1 a further p-n junction 19 
electrically in parallel with the photodiode p-n junc- 
tion 21 in level 2. This further p-n junction 19 in the 
larger-bandgap material has a higher impedance 
than the photodiode junction 21 in the smaller- 
bandgap material 2. 

In accordance with another aspect of the 
present invention, the other region 23 of the longer- 
wavelength response photodiode 20 has electrical 
connection 24 which extends on another side-wall 
44 of the semiconductor materials of both the lev- 
els 1 and 2, and this connection 24 also contacts 



one region 13 of the shorter-wavelength response 
photodiode 1 0 so as to provide a common connec- 
tion for both photodiodes 10 and 20. 

In this particular embodiment, the shorter- 
5 wavelength photodiode 10 is formed in the upper 
level 1. In accordance with the invention disclosed 
in EP-A-0 061 803, the connection 15 to the other 
region 12 of this photodiode 10 comprises an is- 
land 28 of the lower-level material 2 which is sepa- 

70 rated by a gap 40 from the region 23 of the lower- 
level photodiode 20. The gap 40 is annular and so 
the region 23 surrounds the islands 28. The upper 
photodiode 10 bridges this gap 40. In the particular 
form illustrated in Figures 1 and 2, the connection 

75 15 comprises metallization carried on the side-wall 
41 of an aperture through the island 28, and the 
island 28 includes a p-n junction which surrounds 
the aperture and which may be formed in the same 
processing steps as the photodiode p-n junctions 

20 11 and/or 21. However, such a p-n junction need 
not be present in the island 28; thus, for example 
as illustrated in Figure 3, the island 28 may be 
wholly one conductivity type, for example n type 
formed simultaneously with n type regions 12 

25 and/or 22, the gap 40 being located where any 
resulting p-n junction might otherwise be formed. 

In accordance with a further aspect of the 
present invention and utilising also the invention 
disclosed in EP-A-0 061 803, the side-wall connec- 

30 tions 15 and 25 in this particular embodiment are 
formed as metallization on the side-wall 41 and 42 
respectively of an aperture passing locally through 
the thickness of both levels 1 and 2. The aperture 
wall 42 is surrounded by region 22 of the longer- 

35 wavelength photodiode 20 in the level 2 and by the 
further region 18 in the level 1. The aperture wall 
41 is surrounded by the region 12 of the shorter- 
wavelength photodiode 10 in the level 1 and by the 
island 28 in the level 2. The common connection 

40 24 may be formed by metallization on a side-wall 
44 at the periphery of the plural-level structure 1 
and 2 (as is illustrated by way of example in 
Figures 1 and 2) or on a side-wall 44 of one or 
more local apertures (as illustrated in Figure 3). 

45 Other advantageous features also in accor- 

dance with the present invention will be described 
hereinafter in the more detailed description of the 
embodiments. 

The device of Figures 1 and 2 may be de- 

50 signed for viewing a scene at wavelengths in two 
atmospheric windows, for example the 3 to Sum 
waveband and the 8 to I4um waveband. High 
performance is achieved at these wavelengths by 
using cadmium-mercury telluride as the detector 

55 material cooled to cryogenic temperatures. Thus, 
for example the multi-level structure 1,2,3 may be 
cooled in known manner to a temperature of about 
77K by being mounted on a cold finger in a dewar 
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or other thermally insulated envelope; the lower- 
level material 2 may be Cdo.21Hgo.79Te having a 
cut-off wavelength of approximately 11um at that 
temperature, whereas the upper-level material 1 
may be Cdo.3Hgo.7Te having a cut-off wavelength of 
approximately Sum at that temperature. These 
longer-and shorter-wavelength response cadmium 
mercury telluride compositions have respective 
bandgaps of approximately 0.113eV and 0.248eV 
at77K. 

The device structure of Figures 1 and 2 may 
be fabricated by bonding a thin p type body 2 of 
Cdo.21Hgo.7gTe to a silicon integrated circuit 3 by an 
intermediate film of epoxy adhesive. This epoxy 
film may form part of the uppermost insulating 
layer 34 in Figure 2. Preferably the upper and 
lower surfaces of the body 2 are passivated, for 
example with a surface layer of cadmium telluride 
or zinc sulphide. The gaps 40 may then be etched 
in the body 2 to separate the islands 28 from the 
remainder of the body, for example using an etch- 
ant solution of bromine in methanol with a 
photoresist mask. Then a thin p type body 1 of 
Cdo.3Hgo.7Te is bonded to the upper surface of the 
body 2 by an intermediate film of epoxy adhesive. 
This epoxy film may form at least part of the 
intermediate insulating layer 4 in Figure 2. Prefer- 
ably the upper and lower surfaces of the body 1 
also are passivated, for example with cadmium 
telluride or zinc sulphide. Subsequently 
photolithographic, ion-etching and metallization pro- 
cess steps as described in EP-A-0 061 803 may be 
used for etching the apertures 41 and 42, forming 
the n type regions 12,28 and 18,22 around these 
apertures, and lining the apertures with metalliza- 
tion 15 and 25. A separate photolithographic and 
etching step (which does not convert the p type 
cadmium mercury telluride into the n type) is used 
to define the peripheral side-wall 44 contacted by 
the metallization 24. 

Although exposed to the incident infrared radi- 
ation 50, the separate island 28 has only the one 
connection 15 and so does not contribute to the 
output signal of the shorter-wavelength photodiode 
10 as measured by the silicon circuit 3. The further 
region 18 in the shorter-wavelength response ma- 
terial 1 forms a further p-n junction 19 which is 
connected in parallel with the longer-wavelength 
photodiode 20 by connections 24 and 25. However, 
because of the difference in bandgap, the 
photocurrent generated at this parallel junction 19 
by the incident radiation is insignificant compared 
with that generated at the photodiode junction 21. 
The impedance across the p-n junction is propor- 
tional to the exponential of (Eg/k.T.) and the diffu- 
sion current is proportional to the exponential of (- 
Eg/k.T.), where Eg is the bandgap, T is the tem- 
perature and k is the Boltzmann constant. Thus, in 



an idealised case of p-n junctions at 77K with 
bandgaps of 0.248eV and 0.l13eV for the levels 1 
and 2 respectively, the ratio of impedance across 
the parallel junction 19 to that across the 
5 photodiode junction 21 could be as high as about 
10 s . 

In a practical cadmium mercury telluride de- 
vice, the p-n junctions 19 and 21 are far from the 
idealised case, and the impedance is a function of 

10 illumination by the infrared 50. Carrier multiplication 
by impact ionisation of thermally generated carriers 
and optically-generated carriers is currently be- 
lieved to play the major role in reducing the imped- 
ance, although there are other mechanisms such 

75 as depletion-width modulation and tunnelling which 
also affect the impedance value. Although the con- 
ductance due to the carrier multiplication de- 
creases as the bandgap increases, the relative ef- 
fect compared to the idealised diffusion-current 

20 model becomes very much larger with increase in 
bandgap. Thus, these impedance-reducing effects 
are found to be more pronounced in short- 
wavelength detectors; and so, although the imped- 
ance of the long-wavelength photodiode 20 may 

25 still be about the same order of magnitude both 
when illuminated by the infrared 50 and when not 
illuminated, that of the shorter-wavelength 
photodiode 10 may reduce by several orders of 
magnitude when illuminated. 

30 The technology disclosed in EP-A-0 061 803 is 

particularly advantageous for forming good quality 
p-n junctions around apertures 41 and 42 in cad- 
mium mercury telluride. Using this technology, 
long-wavelength response photodiodes 20 have 

35 been formed in the 0.H3eV bandgap material 2 
with an impedance of the order of 1M0. measured 
between connections 24 and 25; whereas the cor- 
responding impedance measured for the further p- 
n junction structure 19 in the 0.248eV bandgap 

40 material 1 was of the order of 1 GQ without illumina- 
tion, dropping to about 10 3 Mfl with illumination. 
This provides a ratio for the impedance of the 
illuminated junction 19 as compared with the illumi- 
nated junction 21 of between 10 2 and 10 3 . This 

45 remaining impedance ratio still results primarily 
from the different bandgaps (with their exponential 
relationship to impedance) and is sufficient to en- 
sure that the output signal in the connection 25 is 
dominated by the photo-current generated at the 

50 smaller-bandgap photodiode junction 21 rather than 
the very much smaller signal at the parallel junction 
19 in the larger-bandgap material 1. In order to 
achieve such domination, the impedance ratio for 
the junctions 19 and 21 is preferably one order of 

55 magnitude or more, and this can be readily 
achieved with the difference in bandgap required 
for the different wavelength responses of the plural- 
wavelength detector device. 
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As described in EP-A-0 061 803 photodiodes 
with high impedance can be obtained in cadmium 
mercury telluride when the photovoltaic junction is 
formed locally through the thickness of the body 
around an aperture 41 or 42. However, modifica- 
tions in accordance with the invention are possible 
in which at least a major part of the photovoltaic 
junction extends parallel to the major surface of the 
body. Figure 3 illustrates one such situation in 
which the p-n junctions 27 and 17 are provided as 
lateral extensions from the vertical p-n junctions 21 
and 11 respectively. These junctions 27 can be 
formed by n type surface regions provided at the 
surface of the p type body 2 before mounting the 
body 1, and the junctions 17 can be formed by n 
type surface regions provided in the body 1 before 
ion-etching the apertures 41 and 42. In the geome- 
try illustrated in Figure 3, the lateral extent of the 
junctions 17 and 27 is such that their boundaries 
substantially meet one another as seen in the plan 
view at the surface of the circuit substrate 3. In 
both the device of Figures 1 and 2 and the device 
of Figure 3 the detector elements 1 0 in one level 1 
are located between the detector elements 20 in 
the other level 2, as seen in this plan view. How- 
ever plural-wavelength array geometries are also 
possible in which the junctions 17 and 27 extend 
further so as to overlap as seen in plan view at the 
substrate 3. 

In both the device of Figures 1 and 2 and that 
of Figure 3 the connections 15 and 25 are at side- 
walls of local apertures 41 and 42 and a group of 
detector elements are present in each level 1 and 
2. However, the semiconductor material at each 
level 1 and 2 may be divided into separate islands 
for each detector element 10 and 20; in this case 
the connections 1 5 and 25 may be provided at one 
side-wall of each island and connections 24 may 
be provided at another side-wall of each island. 
Such a structure may be adopted for a small 
number of detector elements 10 and 20 at each 
level, or in a device with a single detector element 
10 and 20 at each level 1 and 2 respectively. 
However, side-wall connections at local apertures 
41 and 42 may be used even in the case of a 
single detector element at each level. Furthermore, 
the connections 15,25 and 24 need not be confined 
to the side-walls but may extend also on the major 
surfaces of the bodies 1 and 2, for example on a 
same conductivity type region along the major sur- 
face or on an insulating layer on the major surface. 
Although the side-wall connections 24,15 and 25 
described in these embodiments are formed by 
metallization, at least some of the electrical con- 
nections in some device structures in accordance 
with the invention may be formed either wholly or 
partly by highly-doped regions of the semiconduc- 
tor material in each level, for example by n type 



regions adjacent the side-walls. 

Although embodiments have been described in 
which the cadmium mercury telluride levels 1 and 
2 have been bonded together and to the substrate 

5 3 by an epoxy adhesive, a plural level structure 
may alternatively be grown by deposition, for ex- 
ample using vapour phase epitaxy of cadmium 
mercury telluride on the substrate 3. Thus, for 
example, after growing a cadmium telluride layer 

70 on the circuit substrate, the gas flow may be 
switched to grow a lower level 2 of cadmium mer- 
cury telluride, then an insulating layer 4 of cad- 
mium telluride, then an upper level 1 of cadmium 
mercury telluride of different bandgap and then an 

75 upper cadmium telluride passivation layer. 

Although high performance detectors for the 3 
to 5um and 8 to 14um wavebands can be obtained 
with cadmium mercury telluride, other materials 
may alternatively be used for detector elements in 

20 at least one level 1 or 2. Thus, for example, level 1 
and/or level 2 may be of another ternary intermetal- 
lic chalcogenide such as lead tin telluride. Binary 
semiconductor compounds such as for example 
lead sulphide or indium antimonide may be used. 

25 Even single-element materials such as silicon or 
germanium may be chosen for a short-wavelength 
infrared detector element. The material and/or com- 
position of the two levels 1 and 2 is chosen from 
such materials so that the different bandgaps give 

30 their desired different wavelength responses for the 
different detector elements 10 and 20. Thus, for 
example, the different detector elements 10 and 20 
may respond to infrared- wavelengths in different 
atmospheric windows, 1 to 2um, 3 to 5um, 8 to 

35 I4um, and 16 to 22um, or even to different 
wavelength ranges in the same atmospheric win- 
dow. 

In some detector devices it may be desirable 
for the detector elements 10 and 20 to face the 

40 substrate 3 and to receive the incident radiation 50 
via the substrate 3. Thus, the shorter-wavelength 
detector element having the larger bandgap may 
be present in the lower level 2 on the substrate 3, 
and the upper level 1 then comprises the longer- 

45 wavelength detector element having the smaller 
bandgap. In this case, the further region 18 with p- 
n junction 19 is formed in the lower level 2, and 
either the isolating gap 40 and island 28 are 
formed in the upper level 1 or this area of the 

so upper level 1 is totally removed. 

Although the invention is particularly useful in 
plural-level detector structures, a connection struc- 
ture in accordance with the present invention may 
also be used in a plural-wavelength single-level 

55 detector structure. Thus, for example, the different- 
wavelength response photodiodes 10 and 20 may 
be formed side-by-side in a single level comprising 
the different-bandgap infrared-sensitive materials 
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side-by-side on the substrate 3. In this case, a 
compact structure can be obtained with the con- 
nection 25 of the longer-wavelength photodiode 20 
contacting (at a side wall of, for example, an ap- 
erture or channel 42 in the single level) both the 
region 22 of the small-bandgap material of the 
photodiode 20 and the region 18 of the neigh- 
bouring larger-bandgap material. As in the embodi- 
ments of Figures 1 to 3, the difference in bandgap 
of the infrared-sensitive materials in this single- 
level embodiment results in an adequate difference 
in impedance for the junctions 21 and 19 so that 
the output signal in the connection 25 is dominated 
by the photo-current generated in the smaller-ban- 
dgap detector element 20. 

From reading the present disclosure, other 
variations will be apparent to persons skilled in the 
art. Such variations may involve equivalents and 
other features which are already known in the de- 
sign, manufacture and use of infrared detector de- 
vices, systems and component parts thereof, and 
which may be used instead of or in addition to 
features already described herein. Although claims 
have been formulated in this application to particu- 
lar combinations of features, it should be under- 
stood that the scope of the disclosure of the 
present application also includes any novel feature 
or any novel combination of features disclosed 
herein either explicitly or implicitly or any 
generalisation thereof, whether or not it relates to 
the same invention as presently claimed in any 
claim and whether or not it mitigates any or all of 
the same technical problems as does the present 
invention. The applicants hereby give notice that 
new claims may be formulated to such features 
and/or combinations of such features during the 
prosecution of the present application or of any 
further application derived therefrom. 

Claims 

1. A plural-wavelength infrared detector device 
including first and second detector elements 
comprising respective first and second 
infrared-sensitive semiconductor materials, and 
a substrate carrying the detector elements, the 
first semiconductor material having a smaller 
bandgap than the second semiconductor ma- 
terial so as to provide the or each first detector 
element with a response to a longer infrared 
wavelength, each detector element comprising 
a p-n junction between opposite conductivity- 
type regions of the semiconductor material, 
and electrical connections from the detector- 
element regions to the substrate, characterised 
in that the electrical connection between the 
substrate and one region of the longer- 
wavelength response detector element extends 



on a side wall of both the first and second 
semiconductor materials, and in that the larger- 
bandgap second material comprises a further 
region which adjoins the side-wall and which 

5 forms a further p-n junction electrically in par- 

allel with the p-n junction of the first detector 
element, the further p-n junction having a high- 
er impedance than this p-n junction of the first 
detector element in the smaller-bandgap first 

10 material. 

2. An infrared detector device as claimed in claim 

1 , further characterised in the first and second 
semiconductor materials are provided as dif- 

75 ferent levels on the substrate, a lower level of 
which is located between an upper level and 
the substrate, in that at least one detector 
element is formed in each level, in that a first 
of the upper and lower levels has the smaller 

20 bandgap material, in that the electrical connec- 

tion between the substrate and the one region 
of the longer-wavelength response detector 
element extends on a side wail in both the 
upper and lower levels, in that the larger-band- 

25 gap material of the second level comprises the 

further region, and in that the further p-n junc- 
tion is formed in the second level electrically in 
parallel with the detector-element p-n junction 
in the first level. 

30 

3. An infrared detector device as claimed in claim 

2, further characterised in that the smaller- 
bandgap material is present in the lower level, 
and so at least one of the electrical connec- 

35 tions of the longer-wavelength response detec- 
tor element in the lower level extends down- 
ward from the upper level on the side-wall of 
said further region which is present in the 
upper level. 

40 

4. An infrared detector device as claimed in claim 
2 or claim 3, further characterised in that the 
electrical connection on the side-wall com- 
prises metallization on a side-wall of an ap- 

45 erture passing locally through the thickness of 

the upper and lower levels and surrounded by 
the one region of the longer-wavelength detec- 
tor element in the first level and by the further 
region in the second level. 

50 

5. An infrared detector device as claimed in any- 
one of claims 2 to 4, further characterised in 
that the other region of the longer-wavelength 
response detector element has an electrical 

55 connection which extends on another side-wall 

of the semiconductor materials of both the 
upper and lower levels and contacts one of the 
regions of the shorter-wavelength response de- 
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tector element so as to provide a common 
connection for both detector elements. 

6. An infrared detector device as claimed in claim 

5 when appendant to claim 3, further charac- 5 
terised in that a separate part of the smaller- 
bandgap material in the lower level is sepa- 
rated from the longer-wavelength response de- 
tector element by a gap, in that the gap is 
bridged by the upper-level material, and in that io 
another connection of the upper-level shorter- 
wavelength response detector element extends 
to the substrate via the separate part of the 
smaller-bandgap material. 

75 

7. An infrared detector device as claimed in any- 
one of the preceding claims, and further 
characterised by comprising a group of both 
first and second detector elements, and in that 

the first detector elements are located between 20 
the second detector elements, as seen in plan 
view at the surface of the substrate. 
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